Aortic Valve Repair  by Cosgrove, Delos M. & Fraser, Charles D.
Aortic Valve Repair 
Delos M. Cosgrove and Charles D. Fraser 
Aortic valve repair was one of the first open intracar- 
diac procedures attempted. Although the initial results 
were somewhat encouraging, this approach to the treat- 
ment of aortic valve disease was largely abandoned 
after the introduction of safe valve prostheses. 1-5 In- 
deed, the development and widespread clinical applica- 
tion of hoth mechanical and bioprosthetic valves rank 
as one of the real success stories of modern cardiac 
surgery. The era of reliable mechanical valve prostheses 
was initiated after the development of the Starr- 
Edwards ball-and-cage valve in the early 1 9 6 0 ~ . ~  Con- 
current developments in New Zealand and England by 
Barratt-Boyes and Ross, respectively, showed the use of 
homograft or allograft valves for aortic valve replace- 
me11t.'?~ Tremendous advances in structural integrity 
and hiocompatability occurred over the ensuing de- 
racks and, in the current era, the cardiac surgeon has a 
variety of mechanical and bioprosthetic valve options 
available in the treatment of an individual patient. 
More recently, a resurgence in the use of autologous, 
pulmonary homograft tissue transplants to the aortic 
position by using the Ross procedure, so named after its 
developer, Donald Ross, has added yet another option 
to the surgical a rmamentar i~rn .~~ '"  
Considerable data are available to support the rela- 
tive safety of aortic valve replacement in a variety of 
clinical settings."." Furthermore, detailed follow-up 
data exists for all types of prosthetic and biological 
valves currently in use that allow surgeons and cardiolo- 
gists to have a reasonable degree of accuracy in predict- 
ing the long-term risks associated with each option in an 
individual patient. Overall, the long-term risks associ- 
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ated with having prosthetic or biological aortic valve 
replawment have been documented to be relatively low. 
The degree of ongoing risk in an individual patient 
clearly relates to a constellation of factors, including the 
type of prosthesis, the necessity for anticoagulation, age, 
and associated cornorbid factors, such as coronary artery 
disease and ventricular function. "M' Complications 
associated with lifelong valvular prostheses may include 
mechanical failure, thromhoembolism, endocarditis, 
hemolysis, paravalvular leakage, and anticoagulant- 
related hemorrhage. Although the likelihood of any one 
prosthesis-related complication is low, an individual 
may still be at some significant lifetime risk when faced 
with many years of living with a prosthetic aortic valve. 
After consideration of the ongoing risk associated 
with aortic valve replacement, we have reexamined the 
possibility of repairing aortic valves in selected patients 
with appropriate pathology. Our hypothesis has been 
that, in patients with certain types of aortic: valve 
pathology, successful valve repair may afford the indi- 
vidual the opportunity of lower risks of complications 
associated with having one's own native aortic valve. 
We have felt particularly compelled to use these tech- 
niques in young individuals who face the necessity of 
aortic valve surgery. In such patients, the potential long 
duration of needing a valve prosthesis combined with 
issues regarding lifestyle, desire for childbearing, and 
level of maturity have led us to work very hard to 
preserve the patient's native aortic valve, if possible. 
Further, our increasing level of comfort with cardiac 
reoperations combined with the relative safety of such 
procedures has encouraged us to choose valve repair as 
a palliative intermediate-term step rather than a biopros- 
thesis in certain young  patient^.'^ 
1 Essential to s 
valvuloplasty is the 
cation of causes of aortic insuffi- 
ciency. Aortic valve lesions may be 
categorized according to the range 
of motion of the cusps. Cusp motion 
may be normal, restricted, or pro- 
lapsed. When leaflet motion is nor- 
mal, aortic insufficiency results 
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NORMAL PROLAPSE 
from perforation of a cusp or annu- 
lar dilatation. Aortic insufficiency RESTRICTED 
may be secondary to restricted leaf- 
let motion. This is caused by dilata- 
tion of the aorta, particularly at the supra annular ridge, causing restricted motion of the aortic cusps, which prevents central 
coaptation. Restricted motion may also Le caused by rheumatic valvulitis. This causes leaflet fibrosis anti failure of central 
coaptation of thr leaflet. 
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2 By far, the best results for aortic 
valvuloplasty have occurred in patients 
with prolapsed leaflet. Prolapsing leaflet 
may be secondary to aortic dissection. In 
this situation, the comniissures may be 
reapproximated and a supra annular 
graft implanted above it. 
3 In more severe cases with extensive dissection of 
the aortic root, it may be useful to sandwich the layers 
of the aorta with Teflon felt (C.R. Bard, Bard Vascu- 
lar, Haverhill, MA). 
4 Prolapse of individual leaflets 
may be seen with tricuspid or bicus- 
pid valves. A particularly interest- 
ing group of patients is represented 
by individuals with prolapse of a 
single cusp. This is most often seen 
with the right coronary cusp and 
has led to the hypothesis that, in 
some cases, leaflet prolapse may be 
associated with a pre-existing sub- 
aortic ventricular septa1 defect that 
is spontaneously closed. 
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5 Acquired leaflet prolapse is the 
result of the elongation of the free 
edge of the aortic: cusp. This may 
occur when the free edge of the 
aortic cusp ruptures at the site of a 
fenestration. 
6 
edge of the cusp with this type of prolapst,. 
A torn remnant of the aortic twsp is seen along the free 
7 Exposure of the aortic valve is 
enhanced by placing sutures in the 
supra annular ridge at each commis- 
sure and suspending them from the 
drapes under tension. This aids 
greatly in the exposure by elevating 
the valve and establishing a physi- 
ological orientation. 
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9 To achieve symmetry, an  equilateral triangle is resected 
from the center portion of the prolapsing leaflet. The size of 
the equilateral triangle is determined by the amount of excessive 
tissue with some allowance for incorporation of tissue into the 
suture line. Originally, interrupted simple sutures of milltifla- 
ment material were used for reapproximation of tissue. 
8 
ing the relative lengths of the three cusps. 
EcIuaI tension on the three sutures also helps in evaluat- 
10 This tec-hnique was amended, leaving additional thickened 
tissiw in the venter portion of the cusp and using continuous 
douhle-layer running suture to reapproximate the tissue. This has 
thr advantage of preventing small leaks between the sutures and  
reducing the number of knots and exposed suture tails. The 
schematic representation of the triangular resection is shown on 
the left. The niotlifiecl version is shown on the right. 
1 1 Aortic insufficiency is frequently associated with annular 
dilatation. On the left is the normal coaptation of the cusps and the 
subvalvular triangle. Annular dilatation results in a widening of 
this subvalvular triangle with lack of coaptation in the central 
portion of the leaflet. Placement of horizontal mattress sutures 
buttressed with Teflon felt reduces the suhvalvular triangle, 
increasing coaptation and  reducing the annular circumference. 
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NORMAL 
13 The depth of 
placement of sutures di- 
rectly affects the amount 
of reduction of the annu- 
lus. Suture placement 
high in the commissure 
significantly increases the 
leaflet coaptation and de- 
creases annular circum- 
ference. Suture placement 
lower in the commissure 
results in a greater leaflet 
coaptation and increases 
plication of the annulus. 
REPAIR (HIGH) 
12 The technique for 
commissurotoplasty is 
shown in detail. Horizon- 
tal mattress sutures are 
placed through the annu- 
lus at :he base of the cusp, 
not including cusp tissue. 
The sutures result in a 
taller, narrower, inter- 
leaflet triangle, and thus, 
greater leaflet coaptation. 
REPAIR (LOW) 
14 This annular plication is incorporated in the surg-  
cal repair of all prolapsing leaflets as the adequacy of 
coaptation can be appreciated from this intraoperative 
photograph. 
AORTIC VALVE REPAIR 35 
I6  The cause of insufficiency in a bicuspid valve is 
prolapse of the conjoined leaflet. The free edge of the 
conjoined leaflet is longer than its opposing cusp seen in this 
intraoperative photograph. 
15 A bicuspid aortic valve is the most commonly recog- 
nized congtmital cardiac malformation. Although not pre- 
cisely known, the prevalence of this anomaly is estimated to 
be between 1% and 2%. The majority of the patients who are 
born with ii bicuspid valve live a normal life span without 
pathological process developing in their bicuspid valve. By 
repairing a hicuspid valve and making it competent, we hope 
to return our patients to the population of individuals 
surviving a normal life expectancy without complications of a 
bicuspid valve. Several mechanisms exist that result in aortic 
insufficiency in bicuspid valves. The bicuspid valves result 
from failure of separation of two cusps; this most commonly 
occurs hetween the right and left coronary cusps. In 60% of 
the patients, a rudimentary commissure or raphe is present 
that bisects the conjunct leaflets. This raphe may be the 
source of restricted leaflet motion or  calcification. 
17 It is common that the prolapsing por- 
tion of the free edge of the prolapsing cusp is 
thickmed, which is presumed to be secondary 
to thod flow over this area in diastole. This 
thickened area serves as a good guide as to the 
amount of prolapse and marks the edges of the 
leaflet resection. 
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18 A triangular resection of the prolapsing leaflet is 
carried at its midpoint. The completion of this shows equal 
lengths of  the t w o  cusps of the aortic valve. 
19 To insure additional coaptation reduce the circum- 
ference of the valve, annuloplasty is performed at  both 
commissures after the triangular resection of the prolaps- 
ing leaflet. 
20 The excellent coaptation of the leaflets is shown after 
placement of annuloplasty sutures in this insufficient bicuspid 
valve. 
COMMENTS 
A major impediment to aortic valve repair has been 
determining the mechanism of the insufficiency and 
evaluating the results of the repair intraoperatively. 
Intraoperative echocardiography provides tfie diagnos- 
tic ability and quality control that enables aortic 
valvuloplasty to achieve consistently good results. It 
provides important information about the mechanism 
of the regurgitation, showing its origin, the direction of 
the regurgitant jet, the number of leaflets, and their 
range of motion. The adequacy of repair can be 
determined under physiological condition immediately 
after removal of the aortic clamp. If there is persistent 
regurgitation, it can be quantitated at its site of origin 
and frequently its cause can be identified. 
The technique for correcting cusp prolapse by trian- 
gular resection has some theoretical and practical 
advantages when compared with the technique origi- 
nally reported by Starr et a12s and popularized by 
Trusler et al.3 The fact that only one suture line is 
created reduces the potential for technical failure. No 
sutures are placed at the point of maximum flexion to 
interfere with the motion of the valve or  act as a nidus 
for calcification. In bicuspid valves, the majority of the 
leaflet thickening and, in some cases, calcification are 
removed. 
Recognition of the role of annular dilatation in aortic 
insufficiency has promoted the development of several 
ingenious techniques to correct it. Carpentier’s tech- 
nique26 uses continuous circumferential horizontal mat- 
tress sutures placed through the annulus. This plicates 
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the entire annular circumference, hut the amount of 
decrease in the annulus has been difficult to judge and 
control. Encircling the entire annulus has the theoreti- 
cal disadvantage of reducing its flexibility and making 
the annulus nondistensive. Annular plication at the 
rommissure is technically appealing because the area is 
readily visualized, the amount of annular reduction is 
easily controlled, and leaflet coaptation is enhanced. 
Although it has never been shown, it is reasonable to 
assume that the annular dilatation occurs to a greater 
extent at the commissures, an area in which there is less 
obvious annular and fibrous tissue. This phenomenon is 
apparent in bicuspid valves, in which the leaflet tissue 
appears to lose its normal coaptation at the point of 
union with the aorta. Therefore, selected plication of 
the most affected areas becomes an increasingly ratio- 
nal approach. 
There is some concern that techniques of aortic 
valvuloplasty are not readily reproducible, and are 
therefore not likely to achieve the same level of general 
clinical application witnessed for prosthetic valve re- 
placement. This skepticism is clearly reminiscent of the 
early acceptance of atrioventricular valve repair, which 
has now become the standard of care for many forms of 
atrioventricular valve disease. 
Although techniques of aortic valvuloplasty are still 
evolving, we believe that there is a definite subset of 
patients who will benefit from the preservation of their 
native valve. As with atrioventricular valves, recent 
findings have suggested that the structural integrity of 
the intact aortic root is important to valve and cardiac 
f~nct ion.‘~ Whether preserving an intact, functioning 
bicuspid aortic valve provides long-term advantages to 
the patient in terms of preserving cardiac function and 
preventing prosthetic valve-related complications re- 
mains to be documented. 
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